Influenza A virus, a member of the Orthomyoxoviridae family, infects a wide range of species, including poultry, swine, horses, seals, and humans (10) . Wild aquatic birds serve as reservoirs for all 15 different hemagglutinin (HA) and 9 neuraminidase subtypes of influenza A virus (32, 47) . Of the 15 HA subtypes, only H1, H2, and H3 influenza virus subtypes have previously been associated with causing disease and death in humans (28, 46) . It has been proposed that human strains arise from avian strains following evolution in a mammalian intermediate host (13) . In the spring of 1997, however, nearly identical highly pathogenic (HP) H5N1 avian influenza A viruses were isolated from both diseased chickens and an ill child in Hong Kong (HK) (6, 40) . HP H5 avian influenza viruses have been isolated from previous outbreaks of influenza in poultry (1, 3, 5, 17, 29, 37, 41, 44) ; however, this was the first documented case of a direct H5 avian influenza virus infection in humans (8, 40) . Poultry workers exposed to chickens during an outbreak of HP H5N2 in Pennsylvania poultry farms in 1983 showed no susceptibility to infection with the H5N2 virus, A/ck/Pennsylvania/1/83, and did not seroconvert (3) . In contrast, in HK some exposed poultry workers demonstrated a measurable seroconversion to the H5 subtype (6) . Avian influenza virus isolates were able to infect a very small percentage of the human population and cause severe respiratory disease and mortality without any prior adaptation to the mammalian host. Throughout the course of the influenza outbreak from May to December 1997, six human deaths were recorded from 18 confirmed H5N1 influenza cases (6, 8, 39, 50) . Sequences of all of the human isolates demonstrated greater than 99% sequence identity to isolates obtained from infected poultry, confirming that the outbreak resulted from direct transmission of H5N1 virus from infected poultry to humans (39) . The human and chicken H5 viruses contained the multiple basic amino acids in the HA cleavage site characteristic of HP avian influenza virus H5 and H7 isolates (29) . Furthermore, both the avian and human HK-origin H5N1 virus isolates contained an N1 gene with a shortened stalk due to a 57-nucleotide (19-amino-acid) deletion (4, 7, 51) .
The fact that the avian HK H5N1 viruses are capable of replicating and causing disease in humans without prior adaptation in a mammalian host is a cause of concern. One factor thought to affect interspecies transmission is differences in host surface receptors on the target cells. Avian cells contain predominantly Sia2-3Galactose-containing surface receptors, whereas human cells contain Sia2-6Galactose-containing receptors (18) . Binding of the HA to the surface receptors is crucial for virus entry and replication. However, in the case of these viruses initial avian-to-human transmission of highly virulent HK-origin avian influenza H5N1 viruses is not strictly prevented by host surface receptor specificity. The avian HKorigin H5N1 viruses along with the HK-origin H5N1 viruses isolated from humans retained the Sia2-3Galactose receptor specificity of the parent avian species (26) . While the HKorigin H5N1 viruses were still able to replicate and cause disease and death in humans without the Sia2-6Galactose receptor specificity, they were clearly not easily transmitted from human to human.
The potential risk of other highly virulent avian influenza H5 viruses crossing the avian-to-human species barrier and infecting and causing disease and death in humans is not known. The human HK H5N1 viruses have previously been shown to be pathogenic to mice without prior adaptation, and it was suggested that mice serve as a good model to study mammalian pathogenesis and immune responses to these viruses (11, 15, 23, 25) . In this present study, avian and human HK H5N1 viruses were analyzed and directly compared with four additional highly virulent H5 avian influenza viruses for their pathogenicity in BALB/c mice under strictly controlled experimental conditions. In addition, the immune response to infection with HK-origin H5 influenza A viruses, as measured by transforming growth factor ␤ (TGF-␤) cytokine levels, was evaluated and compared with the other highly virulent H5 avian influenza viruses. Previous studies showed that the neuraminidase of A/Turkey/Ontario/7732/66, a highly virulent H5 avian influenza virus, directly activated TGF-␤ both in vitro and in a mouse model (35) . TGF-␤ is a potent proinflammatory cytokine that activates monocytes to induce the expression and release of various growth factors and inflammatory mediators (9) . The decreased level of TGF-␤ noted during infection by the HK-origin viruses may contribute to the severe pathology observed in the infected mice.
MATERIALS AND METHODS
Viruses. The following viruses were analyzed for their pathogenicity in BALB/c mice: the HK avian influenza viruses A/ck/HK/220/97 (H5N1) (HK220) and A/ck/HK/728/97 (H5N1) (HK728); the human HK isolate A/HK/156/97 (H5N1) (HK156); and the non-HK-origin avian influenza A viruses A/ck/Scotland/59 (H5N1) (Scot/59), A/tk/England/91 (H5N1) (Eng/91), A/ck/Italy/1485-330/97 (H5N2) (Italy/97), and A/ck/Queretaro/7653-20/95 (H5N2) (Q20/95). All seven viruses are HP for chickens (5, 11, 22, 29, 37, 39, 40, 42, 44, 45) . Each virus was propagated in the allantoic cavity of 10-day specific pathogen-free embryonated chicken eggs. Infectious allantoic fluid was harvested and stored at Ϫ70°C for use as inocula. All working stocks consisted of either first or second eggpassaged virus from the original stock as received at our lab. Fifty percent embryo lethal dose (ELD 50 ) titers were calculated according to Reed and Muench (31) . Virus stocks were diluted in phosphate-buffered saline (PBS) and standardized to 10 6 ELD 50 /0.05 ml. All virus stocks were handled under biosafety level 3 agriculture conditions. Laboratory personnel wore protective HEPAfiltered respirator units during infection of mice with HK-origin influenza viruses.
Mice. Seven-to 8-week-old male BALB/c mice were purchased from Simonsen Laboratories, Inc. (Gilroy, Calif.). Groups of eight mice each were housed in individual cages within separate negative-pressure stainless steel isolators in a high-containment biosafety level 3 agriculture facility at the Southeast Poultry Research Laboratory (SEPRL). Feed and water were provided ad libitum.
Experimental design. Mice were anesthetized with 30 l of ketamine-xylazine (66 mg of ketamine per ml and 6.6 mg of xylazine per ml), and implantable programmable temperature transponders (IPTT-100, Electronic Laboratory Animal Monitoring Systems; BioMedic Data Systems, Inc., Seaford, Del.) were inserted subcutaneously in the middorsal region. Anesthetized mice were inoculated intranasally with 50 l of 10 6 ELD 50 influenza virus isolates. One group of mice was inoculated with diluent PBS and served as age-matched shaminfected negative controls. Mice were monitored daily throughout the 14-day experiment for clinical signs and mortality. Body weights were recorded for individual mice within each group on days 0, 4, 6, 8, and 12 postinfection (p.i.), and body temperatures were measured on days 1 to 4, 6, 8, and 12 p.i. with a DAS-5007 Pocket Scanner System (BioMedic Data Systems, Inc.). Blood was collected by tail vein puncture at 8, 48, and 96 p.i. The serum was pooled for each group and analyzed for TGF-␤ levels. Surviving mice were bled by cardiac puncture on day 14 p.i. for analysis of anti-H5 antibodies.
Virus isolation and serology. Tissue samples from the trachea, lungs, and kidneys of three mice per group were processed for virus isolation at day 4 p.i. Tissues were homogenized in brain heart infusion broth and inoculated into 10-day specific pathogen-free embryonated chicken eggs. Embryos were monitored daily for mortality, and dead embryos were assayed for HA activity. The titer for an antibody to avian influenza virus H5 in serum from mice was determined by using a competitive inhibition enzyme-linked immunosorbent assay (CI-ELISA) developed at SEPRL (unpublished data). Briefly, microtiter plates were coated with baculovirus-vectored influenza virus H5 HA recombinant protein derived from the HK156 isolate (Protein Sciences Corporation, Meriden, Conn.). Sixfold serial dilutions of serum samples were incubated on plates for 1 h. The plates were washed and incubated for 1 h with a horseradish peroxidaseconjugated H5 HA-specific monoclonal antibody produced at SEPRL. Plates were washed, and substrate solution was added to the plates. The reaction was stopped after 15 min by addition of 2 M H 2 SO 4 . Plates were measured for optical density at 495 nm with a Biotech Microplate Reader. The antibody present in the serum samples competed with the monoclonal antibody for binding to the antigen on the plate. The titer of the antibody in the serum sample was determined by a decreased optical density of the sample as a result of the inhibition, compared to the negative control sample, with values of Յ3 standard deviations from the negative control sample considered positive. The competitive inhibition titer was expressed as the highest dilution that tested positive.
Histopathology, ultrastructural pathology, and immunohistochemistry. Mice were euthanized by intraperitoneal sodium pentobarbital injection on days 4 and 14 p.i. On day 4 p.i., tissues were excised from the respiratory tract and visceral organs, including the trachea, lung, thymus, heart, bronchi, kidney and attached adrenal gland, spleen, stomach, intestine, pancreas, liver, seminiferous tubules, testes, and femur, in addition to the brain and nasal cavity. The tissues were fixed in 10% neutral buffered formalin solution, sectioned, and stained with hematoxylin and eosin. Respiratory tract tissue samples were removed from any mice that died during the duration of the 14-day experiment and from all survivors on day 14 p.i. Duplicate histologic sections were stained immunohistochemically to determine influenza virus nucleoprotein distribution in individual tissues. A monoclonal antibody against influenza A virus nucleoprotein was used at a 1:2,000 dilution according to previously published procedures (38, 43) .
NRK assay for TGF-␤ activity. TGF-␤ activity was assessed by determining the colony-forming activity of normal rat kidney (NRK) cells, in the presence of epidermal growth factor (EGF), in soft agar as previously described (36) . Briefly, 5% Noble agar (Difco, Detroit, Mich.) was diluted 10-fold in 10% calf serumDulbecco's modified Eagle's medium, and 0.5 ml of this 0.5% agar dilution was added per well to a 24-well tissue culture plate as a base layer and allowed to solidify. Serum samples (0.2 ml) containing EGF (1 ng) were combined with 0.6 ml of 0.5% agar and 0.2 ml (2 ϫ 10 3 ) of a NRK cell suspension in 10% calf serum-Dulbecco's modified Eagle's medium, and 0.5 ml of this 0.3% agar sample solution was added to the cooled base layer. EGF is required for the assay and serves as the baseline for colony formation. The samples were incubated for 7 days at 37°C in 5% CO 2 and stained with a 1% solution of neutral red (Sigma Chemicals, St. Louis, Mo.) in PBS, and colonies greater than 62 m (Ͼ8 to 10 cells) in diameter were counted. Experiments were performed in triplicate.
Data analysis. Data were analyzed by one-way analysis of variance followed by Tukey analysis by using GraphPad InStat version 3.01 (GraphPad Software, Inc., San Diego, Calif.).
RESULTS
H5 virus replication in BALB/c mice. The H5 HP avian influenza viruses replicated in mice without prior adaptation. Although all seven H5 viruses analyzed were highly pathogenic in their respective avian host (5, 11, 22, 29, 37, 39, 40, 42, 44, 45) , they varied in their ability to cause disease in mice. The HK156-, HK220-, HK728-, and Eng/91-infected mice demonstrated clinical signs of disease characterized by ruffled fur, inappetance, hunched-back posture, and labored breathing within 4 days of infection. Death in the HK H5N1 infected mice was associated with severe interstitial pneumonia and alveolar edema, indicating that alterations in the O 2 -CO 2 exchange surface impacted disease pathogenesis and death. This primary respiratory tract involvement is similar to that reported for mice inoculated with other mouse-adapted influenza viruses isolated from humans and animals (30, 48) .
No fever was observed in avian influenza virus-infected mice; instead, the body temperatures of HK156-and HK220-infected mice decreased significantly from 36°C (Ϯ0.20) to 32°C (Ϯ0.25) (P Ͻ 0.001) by day 6 p.i. (Fig. 1A) . Concurrently, HK156-and HK220-infected mice rapidly lost weight (Fig.  1B) . By day 4 p.i., HK156-and HK 220-infected mice had lost approximately 15% (P Ͻ 0.01) of their initial weight at challenge and 25 to 26% (P Ͻ 0.001) body weight by day 6 p.i. Kodihalli et al. (23) also observed a 25% decrease in body weight of HK156-and HK258 (chicken isolate related to HK220)-infected mice by day 5 p.i. and progressive weight loss until death. The HK156-and HK220-infected mice were unable to recover from viral infection and died within 6 to 8 days p.i. with a mean death time (MDT) of 6.33 days ( Table 1) .
The other avian HK H5N1 virus, HK728, also caused morbidity and mortality in BALB/c mice. However, the influenza infection was not as acute as that observed with HK156 and HK220, with only 75% mortality and a MDT of 9 days p.i. (Table 1 ). The HK728-infected mice demonstrated a decrease in body temperature and body weight but at a slower rate than HK156 and HK220 ( Fig. 1A and B) . Infected mice exhibited a significant decrease in body temperature to 34°C (Ϯ1.25) (P Ͻ 0.001) and 22% (Ϯ0.6) (P Ͻ 0.001) reduction in body weight on day 8 p.i. (Fig. 1A and B) . Two HK728-infected mice survived to day 14 p.i., when the experiment was terminated.
The non-HK HP avian influenza viruses varied in their ability to cause disease and mortality in BALB/c mice. Only Eng/91 caused clinical disease in BALB/c mice. The Eng/91-infected mice began losing weight by day 4 p.i. and had lost 20% (P Ͼ 0.001) of their starting weight by day 8 p.i. (Fig. 1B) . The mice experienced a slight decrease in body temperature on day 6 p.i. (Fig. 1A) ; however, this decrease in body temperature was not significant (P Ͼ 0.001). The Eng/91-infected mice quickly recovered from avian influenza virus infection and regained most of their initial weight by day 12 p.i. (Fig. 1A and  B) . None of the non-HK origin influenza viruses killed any mice except Eng/91, where one mouse died on day 9 during experiment 2 ( Table 1) .
Virus isolation and serology. Virus was reisolated from the lungs and trachea of mice infected with the seven influenza virus isolates on day 4 p.i. (Table 1) . Virus was isolated inconsistently from the kidneys of infected mice with one positive mouse of three in each of the three groups infected with HK156, HK220, or Scot/59 (Table 1) . Virus replication was further observed in mice infected with Italy/97, Eng/91, and Q20/95 as evidenced by circulating anti-H5 antibody titers detected in serum taken on day 14 p.i. (Table 1 ). These viruses caused mild to intermediate lesions in the respiratory tracts of infected mice. Lower anti-H5 titers were detected in serum from Scot/59-infected mice. No virus isolation and no circulating anti-H5 antibody was observed in the sham-infected controls. All HK156-and HK220-infected mice were dead by day 14 p.i., when blood was taken and serum analyzed by CI-ELISA.
Pathology and immunohistochemistry. Mice inoculated with the seven H5 HP avian influenza virus isolates either lacked lesions or exhibited lesions in the respiratory tract similar to those reported in previous experimental studies with human, swine, equine, and avian influenza viruses (23, 41) . At 4 days p.i., mice from the sham-infected control group lacked lesions and avian influenza virus nucleoprotein (NP) was not demonstrated. The Scot/59-and Q20/95-infected mice exhibited mild infrequent inflammation and rare avian influenza virus NP in trachea and secondary bronchi (Table 2) . Similarly, infection of mice with non-HP H5N1 virus, A/Dk/Singapore/645/97, caused no lesions in BALB/c mice, and the only antigen was localized in a few respiratory epithelial cells in the trachea (data not shown).
Mice from the remaining five groups, which included mice infected with Italy/97, Eng/91, HK156, HK220, and HK728, had variable degrees of degeneration and necrosis of respiratory epithelium in the nasal cavity, trachea, bronchi, and bronchioles, with accompanying fibrin and neutrophils ( Fig. 2a and  b) . Commonly, the lungs had peribronchial alveolitis characterized by intra-alveolar serofibrinous exudate, erythrocytes and neutrophils, and increased numbers of alveolar macrophages (Fig. 2c) . In some cases, necrotizing alveolitis was present adjacent to terminal bronchioles (Fig. 2d) . This bronchointerstitial pattern of pneumonia was most frequent, but in the most severe cases, a diffuse interstitial pneumonia pattern affected entire lung lobes. Avian influenza virus NP was most prevalent in degenerating or necrotic respiratory epithelium of the nasal cavity and pulmonary bronchi and bronchioles ( Fig.  2e and f) and associated lumenal debris. Occasionally, avian influenza virus NP was identified in alveolar macrophages. In 
a Histological lesion scores for severity: Ϫ, none; Ϯ, very mild; ϩ, mild; ϩϩ, mild to moderate; ϩϩϩ, moderate; and ϩϩϩϩ, severe. b Localization of avian influenza virus NP: Ϫ, none; ϩ, rare; ϩϩ, uncommon; ϩϩϩ, frequent. c Nonrespiratory tissues examined include the spleen, thymus, stomach, duodenum, pancreas, liver, large intestine, brain, heart, kidney/adrenal gland, skeletal muscle, femur, bone marrow, testis, and male sex glands (seminal vesicles and coagulating gland).
d Increase in myeloid band cells in bone marrow. e Olfactory epithelium and neurons of autonomic ganglion adjacent to bronchial hilus.
addition, avian influenza virus NP was demonstrated in olfactory epithelium of the nasal cavity (Fig. 2f) and some ganglion cells within autonomic neurons of the bronchial hilus (Fig. 2g ) of only HK156-infected mice. The severity of the lesions and distribution and quantity of avian influenza virus NP varied between these five avian influenza virus groups ( Table 2 ). The lesions were mild in mice infected with Italy/97, moderate in mice infected with Eng/91, and moderate to severe in mice infected with the three HK viruses. The lung and nasal cavity lesions were most severe with HK156 virus. The greatest quantity of avian influenza virus NP was demonstrated in mice infected with the HK viruses followed by the Eng/91 virus.
These HP avian influenza viruses did not cause lesions in visceral organs or the brain, and avian influenza virus NP was not demonstrated within these tissues. The HK156-and HK220-infected mice that died had postmortem lesions similar to those of mice euthanized on day 4 p.i., except that the alveolitis was more severe and diffuse and severe pulmonary edema with hyaline membranes in alveoli was present in the mice that died. The two surviving HK 728 avian influenza virus-infected mice had chronic histiolymphocytic bronchointerstitial pneumonia with associated alveolar septal fibrosis and type 2 pneumocyte hyperplasia. The mice inoculated with the other four avian influenza viruses eutha- nized on day 14 p.i. lacked lesions or had mild chronic lymphohistioytic bronchointerstitial pneumonia. No avian influenza virus NP was identified in respiratory tissues of these mice on day 14 p.i.
TGF-␤ levels in HP avian influenza virus-infected mice. Previous studies showed that a HP avian influenza virus (A/ Tk/Ontario/7732/66) (H5N9) caused a rapid and dramatic increase in serum TGF-␤ levels in vitro and in vivo (35) . Similarly all of the non-HK-origin HP avian influenza viruses induced an increase in TGF-␤ levels in infected mice. TGF-␤ levels in mice infected with Italy/97, Scot/59, Eng/91, and Q20/95 began to increase as early as 8 h p.i. and continued to increase throughout the 96-h p.i. time course. In contrast, the HK156-, HK220-, and HK728-infected mice showed no increase in TGF-␤ activity (Fig. 3) . Similar results were observed in vitro by using Madin-Darby canine kidney cells and an avian macrophage cell line (HD11), suggesting that the HK viruses fail to activate latent TGF-␤ (data not shown).
DISCUSSION
The infection of a very small percentage of the human population with a lethal avian influenza virus in HK in 1997 may have signaled a new era in influenza epidemiology. For the first time, purely avian viruses were associated with severe disease and death in humans without prior adaptation in an intermediate host. It is uncertain whether other chicken lethal avian influenza viruses are capable of crossing the species barrier and infecting and causing disease and death in humans or if this is a unique phenotype of the HK avian influenza viruses. Previous studies showed that the viruses involved in the HK outbreak were also lethal in mice without prior adaptation and that the mouse was useful as a mammalian model of disease (11, 23, 25) . However, these past studies were limited to analysis of only the HK H5N1 viruses. We wished to determine whether the mouse model could be useful toward predicting the pathogenicity of emerging HP avian influenza viruses for humans. In this study, a representative set of highly lethal avian influenza viruses were evaluated in direct comparison with the HK-origin isolates for their pathogenicity in mice.
The HK H5N1 viruses are unique and are clearly distinguishable from the non-HK-origin H5 viruses by clinical and immunological parameters. Infection of mice with the HK H5N1 viruses HK156, HK220, and HK728 resulted in severe respiratory tract lesions with variable degrees of degeneration and necrosis of respiratory epithelium in the nasal cavity, trachea, bronchi, and bronchioles, with accompanying fibrin and neutrophils, whereas the non-HK-origin HP avian influenza viruses caused mild to severe lesions in the respiratory tract of intranasally infected mice. Where others observed systemic lesions with some of the HK-origin viruses (11, 25) , and 96 h p.i., and serum was analyzed for TGF-␤ activity by the NRK colony-forming soft agar assay. Three mice per group were analyzed, and the results represent the means Ϯ standard deviations of triplicate determinations from the pooled sera.
served no lesions outside the respiratory tract. Thus, our studies do not indicate a role for systemic infection in pathogenesis. It is possible that low levels of virus, not inducing observable lesions, might still induce systemic organ failure. Expansion of myeloid cells in the bone marrow was noted in the HK-origin strains, probably in response to the severity of the lung lesions. We utilized avian origin viruses and/or viruses that were propagated once in chicken embryos as inoculum. It is possible that passage in mammalian cells or serial passage in mice could increase the likelihood of systemic lesions in the mice. Studies are underway in our lab to answer this question. What seems clear, however, is that these HK-origin avian and human viruses cause disease, tissue damage, and death in mice through their dramatic effect on the respiratory tract and primarily the lungs.
Differences in the severity of pathological lesions may be attributed in part to differences in the host response to avian influenza virus. Influenza A virus neuraminidase directly activates latent TGF-␤ (35) . TGF-␤ is secreted by virtually all cells as a biological inactive molecule termed latent TGF-␤. Latent TGF-␤ must be activated in order to bind to cellular receptors and elicit a biological response. Once activated, TGF-␤ is a potent immunomodulator and functions as both a pro-and anti-inflammatory agent. In addition, influenza-activated TGF-␤ is partially involved in inflammatory-mediated cell death (apoptosis). The HK156, HK220, and HK728 viruses failed to activate TGF-␤ either in vitro (data not shown) or in vivo, whereas infection of mice with HP avian influenza viruses Q20/95, Eng/91, Italy/97, and Scot/59 increased TGF-␤ activity within the first 96 h p.i. The reason for this is unclear. The HK viruses have less neuraminidase enzymatic activity, as measured by cleavage of fetuin, compared to the other N1 viruses, Eng/91 and Scot/59 (data not shown). This may partially explain the lack of TGF-␤ activation, although H5N1 viruses that are only mildly pathogenic in chickens and nonpathogenic in mice have little neuraminidase activity and still activate TGF-␤ in vitro and in vivo (unpublished data). Thus, the role of TGF-␤ in influenza pathogenesis is unclear. However, the severity of the HK infection suggests that decreased levels of TGF-␤ and the subsequent effect on other cytokines may be important in the pathogenesis.
Since there was no indication that any H5 isolates from outbreaks other than in HK are implicated in human infection, it is tempting to speculate that this mouse model may indeed reflect an accurate phenotypic correlate for human infection by an avian influenza virus. However, there are limitations with this direct extrapolation. First, there is a lack of significant data on seroconversion rates in humans exposed to other HP avian influenza viruses. Secondly, the HK viruses were nearly 100% infectious and lethal in the mice, whereas infection and lethality rates in humans were much lower. Influenza A virus infections in humans are normally widespread in the population and typically exhibited by a mild tracheobronchitis, rarely leading to viral pneumonia and death (20, 28) . In addition, in order to obtain a consistent rate of infection and lethality in mice, it was necessary to anesthetize the mice. The rates of infection and lethality were much more variable without prior anesthesia and ranged from 0 to 50% (data not shown). Furthermore, the rapid decrease in temperature was also a significant difference distinguishing the mouse infection from a typical human infection. Influenza infection in humans results in fever; however, we were unable to detect any fever response whatsoever in mice, even as early as 8 h p.i. Previous infection of mice with a mouse-adapted strain of influenza A virus, A/Puerto Rico/8/34 (H1N1), resulted in conflicting reports. Two independent groups observed a decrease in mouse body temperature upon infection with the mouse-adapted strain (2, 21) , whereas another observed a fever cascade (24) . These discrepancies may be due to the method of determining body temperature and the times at which temperatures are recorded. Thus, relative to reflecting the human infection, the mouse infection data must then be viewed with caution and not overinterpreted.
The striking difference in pathology in mice between these chicken lethal groups cannot be discounted, however, and it is believed that analysis in the mouse system will yield valuable information. The only non-HK-origin HP avian influenza virus to cause pathological lesions in mice was the Eng/91 isolate. The Eng/91 strain may represent an intermediate between the chicken lethal North American strains and the HK-origin viruses with respect to mouse lethality. The existence of two distinct lineages of avian influenza virus strains has been known for some time (47) , and data have indicated that the Eurasian lineage is more likely to make the jump into mammalian populations. Indeed, the proposal that currently circulating human strains arose from avian influenza viruses from southern China supports the notion that Eurasian-origin genes are more adaptable to humans than North American-origin genes (46) . Recent avian isolates of the H9N2 subtype from HK have a nearly identical set of six internal protein genes as found in the 1997 H5N1 isolates (14) . These six genes were proposed to have reassorted with the surface glycoproteins from waterfowl isolates to generate the HK isolates (E. Hoffman, J. Stech, S. Krauss, K. Shortridge, and R. Webster. Abstr. 1999 Meeting Am. Soc. Virol., abstr. P.63, 1999). Thus, infection of mice by these Eurasian-and avian-origin strains may indeed reflect a unique and perhaps stable mammalian affinity. Reassortment assays that involve mating the Q20/95 Mexican strain and the chicken HK220 strain are currently underway to help identify mammalian-specific versus chicken-specific lethal genes. Molecular epidemiologic studies are also ongoing in our lab to evaluate the occurrence of these avian genes and their distribution in nature.
The data in this report demonstrate distinct differences in mouse pathology between the HK-origin and the other HP avian influenza viruses studied. These differences may potentially be important predictors, identifying avian influenza virus isolates that can cause serious infections in mammals, including humans. It will be important to fully analyze and utilize these strains as tools in furthering our understanding of influenza virus pathogenesis.
